Theoretical details
It is to be mentioned that it is the Raman scattering amplitudes which are obtained by Density functional theory (DFT) calculations, which cannot be taken directly to be the Raman intensities. Raman scattering cross section, ∂σj/∂Ω, which are proportional to Raman intensities may be calculated from the Raman scattering amplitude and predicted wavenumbers for each normal mode using the formula [1]:
where Sj and νj are the scattering activities and the predicted wavenumbers, respectively of the j th normal mode, ν0 is the wavenumber of the Raman excitation line and h, c and k are universal constants.
In analyzing gas-phase data using a newer functional, the only way to get the appropriate scaling factor is to find an experimental data set and simply scale the calculated values to the most intense peaks. So, we multiply the calculated data by an arbitrary number and just start visually adjusting from there to get the best match with the experimental one. For NF-DMAP system, we found the scaling factor to be 0.980 and 0.991 for wB97X-D and B3LYP functionals, respectively.
In NBO study, for each donor (i) and acceptor (j), the stabilization energy E (2) associated with the delocalization i to j is taken from the second-order perturbation method [2] and is estimated as, where, qi is the population of donor orbital or donor orbital occupancy; εi, εj are orbital energies of donor and acceptor NBO orbitals, respectively; Fij is the off-diagonal Fock or
Kohn-Sham matrix element between i and j NBO orbitals.
The relation between the energy of bond interaction and 2 ρBCP is given by the principle of the virial theorem.
1/4 2 ρ BCP = 2G BCP + VBCP = HBCP where G(rBCP) is the kinetic energy density, VBCP potential energy density and HBCP total energy density at bond critical point BCP.
The relation between VBCP and hydrogen bond energy (EHB) at HO contact is given by [3] :
DFT method gives definitions of significant universal concepts of molecular structure stability and reactivity [4] . HOMO energy can be used in combination with LUMO energy to
give the global reactivity descriptors like the chemical potential (μ), hardness (η), softness (S), electronegativity (χ) and the electrophilicity index (ω) which may be used study the The hard and soft acids and bases (HSAB) principle can be very beneficial to calculate the reactivity of chemical systems (such as Fukui function (FF)) [6] . Fukui function (FF) is a local reactivity descriptor that specifies the best approach to alter the number of electrons in a molecule [7] . According to Parr and Yang [8] , the greater the FF value of an atom more reactive it is. Fukui functions are calculated using the given expressions.
Molecular Electrostatic Potential at a point in space around a molecule gives information about the net electrostatic effect produced at that point by total charge distribution (electron + proton) of the molecule and correlates with dipole moments, electro-negativity, partial charges and chemical reactivity of the molecules. The molecular electrostatic potential (MEP) at a point r in the space around a molecule (in atomic units) can be expressed as:
where ZA is the charge on nucleus A, located at RA and ρ (r′) is the electronic density function for the molecule. The first and second terms stand for the contributions to the potential due to nuclei and electrons, respectively. V(r) is the resultant at each point r, which is the net electrostatic effect produced at the point r by both the electrons and nuclei of the molecule.
Molar refractivity (MR) a substantial property is used to calculate the total polarizability of a material. MR value can be calculated by the Lorentz-Lorentz equation [9] [10] which is:
where n is the refractive index; (MW/ρ) is the molar volume; MW is the molecular weight; ρ is the density; N is the Avogadro number; α is the polarizability of the molecular system. Figure S13. Molecular electrostatic potential (MEP) for NF-DMAP along with electrostatic potential V (r) and point charges using B3LYP level of theory. Table S6 . Geometrical parameters for intermolecular hydrogen bond in NF-DMAP.
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